In a prospective, randomized, double-blind clinical study, we have studied 100 children, aged 2-12 yr, to compare halothane and sevoflurane in outpatient dental anaesthesia. All patients were unpremedicated and received inhalation induction using nitrous oxide in oxygen supplemented with either halothane (maximum inspired concentration 5%) or sevoflurane (maximum inspired concentration 8%). Time to loss of the eyelash reflex was more rapid using sevoflurane although time to adequate anaesthesia (to allow insertion of a mouth prop) was slower in the sevoflurane group. The incidence of cardiac arrhythmia was higher during halothane (62%) than during sevoflurane anaesthesia (28%) (P:0.005) and the arrhythmias were more often ventricular in origin. The two agents were comparable in terms of ease of use and quality of anaesthesia, and times to eye opening and satisfying discharge criteria were similar. We conclude that sevoflurane has qualities that have made halothane the most used inhalation agent for children, and that it is superior to halothane in dental outpatients where cardiac arrhythmias are a particular problem. (Br.
It is becoming increasingly apparent that sevoflurane has the potential to be the inhalation induction agent of choice in children. [1] [2] [3] [4] It is relatively pleasant smelling, non-irritant and has a rapid onset and offset of action by virtue of its low blood-gas solubility.
Halothane is still used widely in paediatric dental outpatient anaesthesia as it is relatively non-pungent and provides smooth induction and recovery. Its main disadvantages are a strong odour, cardiovascular depression, a propensity to cause arrhythmias and rarely hepatic necrosis, especially after repeated exposures. During dental surgery, the incidence of arrhythmia during halothane anaesthesia has been reported to be as high as 75%. 5 The use of enflurane or isoflurane reduces the incidence of arrhythmias during oral surgery but both are inferior to halothane in terms of ease of induction and quality of anaesthesia. [5] [6] [7] This study was designed to compare the incidence and type of arrhythmia, and quality of anaesthesia and recovery during sevoflurane and halothane anaesthesia in children undergoing outpatient dental extraction.
Patients and methods
After obtaining Ethics Committee approval and written parental consent, we studied 100 unpremedicated children, ASA I-II, aged 2-12 yr, undergoing outpatient dental extractions under general anaesthesia; patients were allocated randomly to one of two groups to receive either sevoflurane or halothane.
Electrocardiographic limb leads were attached to the patient before induction of anaesthesia and a continuous record of lead II was obtained together with a visual oscilloscope display. A paediatric pulse oximetry probe was applied before induction of anaesthesia and oxygen saturation 2 O ( p ) S was monitored continuously throughout surgery and during recovery from anaesthesia. Arterial pressure readings before and after induction were obtained whenever possible and recorded. The time of induction, placement of the mouth prop, dental extractions and discontinuation of anaesthetic were recorded by a blinded observer who also assessed the incidence of complications during anaesthesia and recovery. Complications were graded on a scale from 0 to 3: 0:not present; 1:present but not troublesome; 2:causing interference with technique or requiring treatment; 3:so troublesome that technique had to be abandoned or patient needed admission to hospital. Complications assessed were intolerance to the vapour, breath-holding, coughing, salivation, laryngospasm, vomiting, 2 O p S :90%, rigidity, excitatory movements and shivering. In the recovery area, times to eye opening to command and to "street fitness" (able to drink and walk around the recovery area unaided) were also recorded.
Dental extractions were carried out in the supine position and anaesthesia was administered by one . When the child lost consciousness, a nasal mask was applied and anaesthesia was maintained with 50% nitrous oxide in oxygen and the selected vapour. Maintenance concentrations of sevoflurane were 2-4% and 1-2 % for halothane. Anaesthetic gases were discontinued at the time of extraction of the penultimate tooth. The child was given 100% oxygen and at completion of the procedure was turned to the left lateral, head-down position. Transfer to the recovery area occurred when the patient had a patent airway, acceptable respiratory pattern and normal oxygen saturation, and any cardiac arrhythmia had resolved. ECG recordings were analysed by a physician who was unaware of the anaesthetic agent used. These were analysed over three times: induction (time from gases on to commencement of surgery), surgery (end of induction to discontinuation of nitrous oxide and anaesthetic vapour) and recovery (end of surgery to discharge from the operating theatre).
Data are presented as mean (SD) or median (95% central ranges) unless otherwise stated. Statistical analyses were performed using the Mann-Whitney U test, Fisher's exact test or the chi-square analysis, as appropriate. P:0.05 was considered statistically significant.
Results
Data from 100 children (50 in each treatment group) were collected and analysed. Patient characteristics and clinical data, including duration of anaesthesia and surgery, and extent of surgery, were similar in the two groups (table 1) . No patient was excluded during the study.
HEART RATE AND ARTERIAL PRESSURE The incidence of heart rate decreasing to less than 80 beat min 91 was similar in both groups (sevoflurane group 16%, halothane group 14%) and no patient required treatment. Mean maximum heart rate was significantly higher in the sevoflurane group (146 beat min
91
) than in the halothane group (138 beat min 91 ) (P:0.019). It was possible to obtain systolic arterial pressure measurements before and after induction of anaesthesia in 75 patients. In the sevoflurane group there was a mean decrease of 1.6 (SD 17.7) mm Hg; in the halothane group there was a mean decrease of 9.4 (17.7) mm Hg. This difference was not statistically significant (P:0.061).
ARRHYTHMIAS

All arrhythmias (table 2)
The overall incidence of arrhythmia was significantly greater in the halothane group (62% vs 28%) (P:0.0005). During induction, more patients in the halothane group had arrhythmias, although this difference was not statistically significant. During surgery, 44% of patients anaesthetized with halothane had arrhythmias compared with 24% given sevoflurane (P:0.035), whereas during the initial recovery period the values were 30% and 6%, respectively (P:0.002).
Supraventricular arrhythmias
The incidence of premature atrial beats and AV junctional rhythm did not differ significantly between the two groups (table 3) .
Ventricular arrhythmias.
Single premature ventricular beats (PVB) occurred in 25 patients in the halothane group and in 11 In the halothane group two patients had episodes of PVB of more than 10 beats and one patients had three episodes of ventricular tachycardia which were self-terminating.
QUALITY OF ANAESTHESIA
The technique did not have to be abandoned in any patient and therefore grade 3 of the complication score was not included in the statistical analysis.
Induction and recovery times (table 4)
The time between start of induction and loss of eyelash reflex was significantly shorter in the sevoflurane group (mean 1.5 (SD 0.6) min) compared with the halothane group (1.9 (0.5) min). However, time to insertion of the mouth prop was significantly slower after induction with sevoflurane (3.9 (1.3) min in the sevoflurane group vs 3.5 (0.7) min in the halothane group).
In the recovery period, times to eye opening and discharge were similar in both groups (table 4). Nine patients in the sevoflurane group demonstrated rigidity during induction compared with two in the halothane group (P:0.026), but this was not severe enough to interfere with the technique (table 5) .
During the recovery period, the incidence of excitatory movements on emergence was significantly higher in the sevoflurane group (P:0.038).
Discussion
Inhalation anaesthesia is used widely for induction in paediatric outpatient dental surgery. Halothane is still the agent favoured by most anaesthetists in this clinical situation, but its main problems are its propensity to cause cardiac arrhythmia, and the risk, albeit rare, of fulminant hepatitis on repeated exposure. The incidence of arrhythmia in patients undergoing dental surgery during halothane anaesthesia has been reported as high (75%). 8 In our study we found that 62% of patients had arrhythmias during anaesthesia with halothane compared with only 26% of patients given sevoflurane.
The significance of arrhythmias during anaesthesia for oral surgery with respect to anaesthetic mortality has yet to be established. However, the incidence of unexplained deaths in dental anaesthetic mortality reports 9 10 and evidence from recent coroners' inquests suggest that they cannot be ignored. In this study the incidence of arrhythmia during induction and surgery in the halothane group was approximately double that in the group receiving sevoflurane. It was notable that during the recovery period 30% of patients given halothane had arrhythmias compared with only 6% after sevoflurane. Coplans and Curson found that more than 50% of deaths associated with dentistry occurred during the recovery period. 9 Sevoflurane may offer an increased safety margin in dental anaesthesia because of its low propensity to cause arrhythmias, but also because the associated arrhythmias are predominantly supraventricular in type. Analysis of the recordings showed that ventricular arrhythmias were found almost exclusively in the group receiving halothane. While it is not known which arrhythmias associated with anaesthesia are significant, it is generally accepted that arrhythmias which are ventricular in origin carry a higher risk. The incidence of arrhythmia in association with oral surgery was found to be much lower when enflurane (10%) and isoflurane (14%) were used. 5 6 As with sevoflurane, ventricular ectopy was almost uniformly absent, but neither enflurane nor isoflurane offered equivalence in terms of facility of induction to halothane.
We found that sevoflurane and halothane were similar in terms of "smoothness" and quality of anaesthesia overall. The higher incidence of rigidity during induction with sevoflurane was not severe enough to interfere with anaesthesia. Excitatory phenomena during this phase have been reported previously with this agent. 4 11 12 Agitation and restlessness during recovery were also more frequent after sevoflurane and were noted by other investigators. 1 13 The most likely explanation is that patients are experiencing rapid emergence as the agent is eliminated rapidly.
In view of the lower blood-gas partition coefficient of sevoflurane, it would be expected to provide more rapid inhalation induction than halothane. [13] [14] [15] However, the rate of inhalation induction of anaesthesia is also determined by potency, maximum deliverable inspired concentration (limited by the vaporizer used) and the rate of increase of the inspired concentration. In our study no attempt was made to match the two groups in terms of equivalent MAC multiples of the volatile agents during induction, as in several recent comparative studies. 1 14 16 17 Within the confines of our study we confirmed that the time to loss of the eyelash reflex was indeed shorter with sevoflurane, but the time required to achieve the depth of anaesthesia that would allow insertion of a mouth prop was marginally, but significantly, longer compared with halothane. Black and co-workers 15 recently compared induction times in paediatric patients using a method similar to that described in this study and still found a shorter induction time with sevoflurane than with halothane. However, the end-point for completion of induction was the time to steady spontaneous ventilation with small pupils and central gaze. We found that these criteria did not always correspond to a plane of anaesthesia deep enough to allow insertion of a mouth prop for dental surgery. Furthermore, Sarner and colleagues 4 recently compared times to intubation during sevoflurane and halothane anaesthesia and showed that the two were almost identical. It seems that while induction of anaesthesia is more rapid with sevoflurane, the time needed to achieve deeper planes of anaesthesia is similar to that with halothane. The maximum concentrations of the agents that we could deliver were 5% halothane and 8% sevoflurane. In this age group, these correspond to approximately 5 MAC and 4 MAC, respectively; this suggests that part of the limitation of induction time for sevoflurane may be a function of the vaporizer. In addition, sevoflurane is more of a respiratory depressant than halothane at concentrations greater than 1.4 MAC, 18 so that at deeper planes of anaesthesia uptake of the vapour may be slower than halothane and this may also make induction relatively slower.
We did not find any difference in the rate of emergence and full recovery, unlike recent studies showing that recovery from sevoflurane anaesthesia was more rapid, as would be expected from its lower blood-gas solubility. 14 17 19 However, the duration of anaesthesia required for outpatient dental surgery is very short and in these circumstances halothane would not be expected to have a prolonged recovery period.
